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SsbJ.t    -Flrlag characteristics of Electric Xaltiatora ns-ds by tlw 
SpMJwrtel Pracesse    N0I/-26~He2b-.?32»5 

Absti   .low ensrgy slaetrria initiators Bud« fej ivh© spnomertal inrtKjWiW 
have baeB fixvflHBtigRtedl for their 'rarlot» firjjrsg oteractMrifltloa* 
It has beon round tha-t fop rapid pulse dtlsobarges the raqair<Kl 
firiiig energy la a fuse t ion of the bridge voluae and the ttma 
reqiiired to de.liTer the aitergy«   T?ie eoqpleslve partiole flt$M 
raust be «sail to «ffeot ignition but the loading presaura la of 
IcNwer tsonseq'ienca«   1 theory for the initiaticm of' explpBiTea 
by {xdaa dlschai'ges trL-;'i;ig'h a «ire is givwa and fron It time 
are oalotxlaAad the activation «aergiM of lead «typliast© and 
lead ais3.de.   The reproduoibllity of iritis tors made by the 
»prayraei.-»I process is diaausseda    The required oonatant eurrant 
for firint; io given as a ftmoMim of diameter but ia ahoan to 
bo dependent on bridge length also» doe to heat lost through 
the bridge ends.    The time to flra this type initiator i.e. given 
as s ftTCKstioa of the energy and the poläa duratitm« 

T^rdt   Thla aanora^ua is iht^ndted prtnarily for the use of WOt 
personnel engaged in tha deslgti Of devices «sing low anargy 
initiators of the spraymetal type.    While the data raeordad 
hei-ein are believed to be apprtnclHsately oorraet la nagnitude 
and fairly aeourate insofar as they tadieate trends« they should 
lot be ragKXded aa absolute«)    liaay rofiüsirients in measutdng 
teelüilquess have been institutad sinaa a large part of thaee'data 
sare reeozded«    lULaitat/iona are noted insofar as pcf>s5ble is-: V.y» 'a 

Jtoka     The work dlsetaHiad h«r©ln ineludea ocmtrlbistions of a naat^er of 
people other than the authors.    Some of the misst important 
eemtributora are.the folloeingi   Dr. H« J. Plumloy, -who is 
eolnwRitor of the apraynetal neUiad of applying bridges tt 
eleetrle idtlatora adiä who proposed aona of ^-he original aoiteepba 
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Raft 

frae V-ich many ct ttm frcp*rir*Ttr.T. iarthods rrmre d*ri-7t*lj Mr.   2. 9, 
RandftJJ., who»«  lugwuilV e^<J dlllflHMS ««r« lai^ie.ly InotrutRivtal 
In rocfucinr tJi« proceso im pri»ctl«e|    f&r« A.  ff. Syelas, who »"efln«! 
th© tachnlqud» «uri equlpaont for UM «tchln^ of vlre to tjw point 
whero  .OOCa dlaantor ami snellpr timsatna wire vore prcdutied at 
tha 1K?L »«»voral years ^foro it wns availaMe oc^^raiallyj 
Ur. I. E,  Starr, tir.  J, N.  .^rreo,,  rtnd rir. P. W, Haywurd, TTJID 
devised, conetructed, «mJ calibrated Inotruxaontntlcr. and appirr ttic 
used la some of the exr^rinents; t!r. C. ff. ßoode, »he concsti-uoted 
nad oallbrtited  lnatrun';n1,s «nd did mvoh of th«? experiiriontal ."Irlng. 

(a) ROLK   ^6^6 - Method for the Pabrlcatlon of Low Energy Electric 
D©tonator.i 

fb) NOLI* TL15 - Dotonaccr ^IrLruT by Condenaor Dlasl-arc« 
lo) RavOnI  90-i46 - The-^rj' of the D«touatlon  Precese  (S-12635J 
(d;  aSKD-l"*^ - Detem?ration of Explosion TaDporature«  (8-^34^7) 
(e) Scl, Vol 79 p. ^09, 1934 

(g) ROfDB 10434 - titv/J : - fov the Heasurerent of W.oe« of the jrder 
of cn-i- wis'.-?«,ooi.d 

(h) WttU J-039S - Prtn-e.- t^st act Hk 173 Hod 0 

BMlt      (1)   Pl»  -4»»i   1   tbron^Vi  ?A 
(2} Tkb.'.es   1 through 5 

BoaooucTZon • 

X.    Since the rproyKatcl prrcens  i'A'ji'cm-zo  (e)) 'i&s developiyl to the 
point uherc Inlttetora could be prnducvd I", suffirjient qnantitiM  for 
.'titi,tie**/ie«l «qparlaitttef «a nsafcar •'« stuÜM haw been rrcd^ -:f tho ?ffr-st- 
of iw=r:Ioi',3 fa<:tors vpon t,he scivsitivlty or apparaat Mmitlfltgr of 
init.iiitors cf thl« typ*»,    oosc^ of the studio» n'eye made fer douiga 
pui'poaee,  ctl.m*s «s prclljr.ii-=ii7   investiert!one of the iir-t w..^o aanaltlvit/ 
of varrlous eotpüooives  and  etil'. ctlvrc  ?.e   tnvGiitinatlons ijnto firing 
c;li*S!ilt« ard firing circuit OOMprnMOta«    An attcript hai Yuen mad« here to 
syatoanilso thf dato  in such c Mmner af tc  Irriicats  pr«>b«ih*'3 tcenla.. 

üxistx-iciisin jüiä aEMMattaa 

GSIiERAL 

2:»    Tt»e ©lectr: c  ililti&torö d'^.^.rsed  lr   ihls —■eWMftt iwa mjOe Vy 
ths nprajTBet.o.\ proces» deacrlbed t;j datall ir. Hef ere neu (a).    By t^lb ^ 
tochnl-^a ßj««'.^Gd iroltec TBets1   Is ussd  to sngtlf the brJdgö fir* e'Jä-3,. 
ead .?a.<';en th-rt tr> the  conti-ct prcng»..  r.rxl t^ Fiimaltan'^ouely ostablldl 
1«io brtfge lerifrth hy eovorlj.g 4he initiator plt^ noae aunfkes ni'^i netal 
except for a rejnver strip whi^  h^s beer. oaakaS by the Edgt;   )f a Sisltdbl« 
s/iijc,.    "he ler^rfcfi of the brid^-o ap]araxifj«t*J8 the t';iekne«e o.f tlte :ia5a a». 
w.iere this ler^th la r-^förred 'x), tlie v&2a« glvoB Till he th** shLt  cMclcoeaiJ, 
A.'^ter brldgtagi   a c) or»e holdar Ja tasorMai o».tr- tha rlup :, 
«epic: Ire prexred  Ir.io f?.aoe.     ?3ate 1  5s 4 dlagr^'runatic  •♦      -h   :'  th» 

taltlctor      A  few ohci gsj  in   Ir; "   n h;r^ bean r^n«,    fr v    .'^r- 
l«n ©l" Rcforano«  (a) but none of  .e« ' ct bean foi.-nd 

firinj; charaet*H."=>' lei of tha    ;' . • bom« 
b 

I    *?  ] 



''i-. vf iiJu'-LJi/'S   :3fd In 'c--*' b«Bt)9 reported  i5 >J1   w 

sad WwrtiffVtfttTrrfngfttBnprrqr ri1 - :-J--;
;
V." ,",'.;..*? D" ''(iCS 

trit'-i wnltjit par unit Xenetih xvij. r ''.y 'p.l.; ilvh.'.-i ft >».•' 'cü; ,-c'?airaJ 
VüIJ?, thla 'ice i?i!0 ftarthw raa^co-i in dihr-e/.^' ct v-Oi- "cy HI« acid 
fttsktäg ^«•-jii.j'jej Th'S tllÄHötar of ihr w:lra »tchsi an Ä!)L »•?;.- de-V 
by roslEitfmso jMcsiirarionto,    Sot» oaf tl.'enö «neeo^resexif^ iiav-.; beea a 

c.  (dljmieteZ') 

a» o^orall aargvlficcttlon of 1200 XtM  /v<EiJ.-t:-..,.';f- 

u tea 
ckwd 
On 

.r.^^s aUoweci Par 
vHxdo^ie noediml dittc^tttra tr« shotai tu t'.ic fo"";"?!«^ tebijlatlc.iu 

OJ)O0J^ SB. 
o„ooaio in. 

3JiO'-i50 rima fin* 
?50>-^ 00 C^BBB /in „ 
IOO-/:o.: ete »/s . 

y.^or.e. t::.GT3iiCiii: werfi bs^ed cr the psmetSe«!   LtKitatiotts'lmposnd bg  KK 
etoMag j-r-^stcr et ths tia« oJ   :..7   ; ;   r;   antR«    It, was not uat^iml. 
few i^e bulk of the wirs is B partSculer bat«h  ^J ruu oloee t-j om of 
t-Uo escteraGHM of the r.^:--.. and ;:     •. . EJ •-• ocv !Tr"i3 that ;--.;  psluea 
fXuct;-.^^ thrtm^Hit   :• ;■  ?at3     i    .-■-,    W&r ihia remem, r salts 
s^teffisd irw disrf,'ev'&H;t tsr:;-,; are Bot cj.::3.>r  tirse  .'/ etHäjsumblo«    ^hod, 
an lavsstlgation 7i3 mads of a ijsrtioolax* phanoGssnaa, It was iAm 
'V.-.-_!.-.'ü5Oö to brl.c:^-; all of ':a<- pS.aga to ba asad    nd tc t.:i-;-- nw&emiaG 
fchsas bsfore Ic^Jiiig if ths teit sas to be of loading factoroa and 3l 
i. adirtg f&en firing coodttlon« • -.t   to bs *®8teJ« 

■  • ssra.U^a syc :>-:^.-" ■ 

4-    Jiccs;T «K|do8lvasf -it; reoaiffsd, hsira * meeo Barticl« alaa ib&t ia sc 
lar^gs e<%pa*ed ^Jo thi : ■-■ ;:    ■• •■: .:i. setena isri r    ■•-'    •. ^ that 
intiztsto omitadt bstsg m sscploBim  ind   M ' Iga tire ai^aa ■•• , ■..■*   ■ 
tiLTpaeT.     [lapoBsibla      I^idcrf the brldga «Ire omyjdi be* imda fco btum oct 

:. Uiitiatln^ tha sasploalw,      ■ ■ .-;      . •.  ■.■'■'    •..- fotsid nee« mary 
rtodl the aaplosiir««   Thl»    ■!-   :;.    las h-mn pertormoä ia a i>-.> .'C ball 

sill «stcg 5/^2 in« .-':.-: ,■,.- ,-   • .•■". ba3 3.      .r   ''    •    -'r expes '.r  .-; 

^ . ■■f>.T)äurA tiro ottaca %.^'-"'•■.-• -■;-{■,  ...:- .-"  . . .    ■.)•.>.■"•■,•. 
*. :    and 3 ^iawl-«p tnsi H ■•'.■        i '■• mod •-■  '     ER!, ■■   ;      •■   ':' 
a speoial u.A%al eontalsar I   \ U limned   ;i-;.-.     i    -■-■'■        to   ■   ibc 

-   ' iside dlacator but turas    ■•  s :•,,■ v-   RR!     (Tlie zest s5   ■ ■ la 
rot 1   I bj : |^lr of ;-> ;       llff«      w«        H       a   •••    '• 
I?   cui aids djjaj etai •. •    I    »r3 

.   :   :■   grixidlng   ' • v ■    ■       •■      :   ; . 
■' 

to . ■• ;i:. rd cfc .., 10 ■      ■'   •» ©03 at     .bails 
1 gWJ,   of  srtpl    ■• ''T <   •;■!      '; I   -•':"- ; -..■•: ■      • 

• ; :.• •     .    ; ;      ■-- x .■;;";   •      ." ' ■•    . •       ■     .    ■:■■•. 

"■•;. 

•"■■,•■■. • •■. ■ '    • 

■■'<:.:'■■ ■ ■   - : 



5« The e;cpjojlV'35 a2*oT iii gsnt 
roi-igi-Jl^r five ntUlgeexm oS l&rit 
npplieci by inears oi" an arbor pr 
neans of a leei spring'Ktial iää 
accurate -äo adLthln tin? pr three 
resuJ-ts IVcffi the Älct.ton ojf th 
the elttrge eavil^r is^ in nost 0 
use a o.ead. load of Ii\5 pi.vüjri.Jt-. 
of 3^4.fJ'' psi.i FrlotAoi-fil rssifl 
jr^robahly is not »isiui^ial COJO/I % 
That such errnrs are not serlmi 
later seotion« 

ral« nsasufod is^th a asocp rr:.ch holda 
stjphrate,.    "km loadijsg perosflure is 

aas nodiflaci to iMieatte thp fäsroe fcy 
loatdr BSEVei^peaatit«    Thi..s dorice is 

peroüeast«   A greatex1 erxx>r .t-vt'baVJy 
e raa :LFI the fbonflCU    Ifee diäEi-'ter of 
B&oB l/i6 3IJ.    K» tteu,'i3 prastloe 1;  to 
ivh-lch gives a fehaomtieal Im-jltrig. ppessare 

tance of the otnier of one j'oxjj'äp vh;ich 
bos causo an wrot of about ten pemezrfe« 
8 mty 'bo sefiu frasa -jEta «ppeajlng '■.?■. a 

IIiTi"'2 sf Initiatora 

60    SS» dji-yln,^ of th« eaqplosiT« on a Becohnor ::\mn0l it?  aot conpl*" • .-. 
1'b.B «jfflall anouat of rio±ä-c\i:',e or other liqnld whloh rsBains In tht 
«;':.p.Tc'35,'7e Jappovaa th« (^ndllpg propertlees of th« «stpdealTo sad probabl; 
radtuoas töe friestä-on and static rjci^itivit.^,.    ?o rono--?^ this regoiant OL 
liquid the Initlatowi are drlel oweamigbt "at ^"O,    '.in the. earli«r 
aicperlsmits this was done taiing cireuletiixg4xy air, hut later a Vßcnoa 
oven «BS offlGct,    lib signifikant äifference was i^fceöl betfnsmi ?lr a;^ 
vaciojnj drittel initiate^»«    !5ii sosse instanoes tha co^dosiva vri:.^ driad ^u 
th© oven befenra loading,    There ia no ^nkl'a.ft^ that this alters the results» 

Egperir.ental ?-a»shn | a t^ 

Firing Circuit 

7,, tlcKst of the data give*, bcai 
di^sharga circuit aonsistirg o: 
thron aidLtah b,T trhioh the COJ'KS) 
vfaich charges It to ths in; >,. .■-. 
Flate 2, ) Heally, stsoh a o-:r 
sviorod ia tba oemd^iser in a t: 
2 T&i where J ;«» the oapaoitfer* 
of 'vho initiator,' The eaergj* 
^F2 where V is ths potentitsi t 
ideal c^ffitpittations are baseä i 

(;<.} Vhe öiroult resist« ••■ - 
fb) The rti;>iu5t ündtietfstK:« 
(c> Qoee closed, the cireid 

pert of the ■:''<,-J:-:r ''V-.z ^;e:-!  ■'■iv. 
60 '-^ - -"'■■  - '■ '''■" of ^ '■■' 

wenaclytatesd msiag a ei-spls tiOi^ie\^i-^ 
'■ a potsex supply, ^J sorder-sarj end a doubla 
tisej  «an bo ewitc^ieä .';ro7  tha ~iy'-*T suj^ßy 
-or, throng which it ^^r'ar;,:;;:     (Sfse 
mit. dellvere ä:

-. ' [israent of the eoer^1 

: :•; eqiu^alent to   EJf or i-M'  ,;-;,«;•;■  i-, 
of tha €? •A-t^.c •' aw^  I: bba resistc  :•■ > 

rtorcd ?■- tK!} ?ct.-: ?';ii3e■■   l-s given bj -^5 
ahiob tli*} condfeii'jer is shar^ei^    Ti ;: 1 

JOB the fol! nrini   kSsuKiptlon;3s 

la tte,t of the J sitiator onl; 
la   ©gXign I« 

.■:- ranelns ;" ssad  »mtil the   .'   3! I'iosat 

'    i K-'    '•   t    " •    ' 

fhe Isi of thotse as  Kasstic .    .  :: iralidll 
the •   ■   --■       :•. • 3  Bdth  bhe tf-st •--•    11       •       fb«       >.    '. -    r   - 

•     •    ••. •;};•. 



ac.- .•     lAjs 
* 

■uxi fb&SX - '^«tff '.Ttll b« lire;;::.--''.    :'.n  - o-:        ■  il :'D   .  fo:-v   ,•..- 1IJ4. 
iT:x:rt.    A Te;/ reiierks her? n»y be uso.rul  I« rrrllftlafl tJ»© tots Mtaoil 
ar-s rr-pertöd in tcie errosant rrrtorairfiirie 

rt,,    Utboutfl pPSOMltSMM sre fi-Jcen to kö-r-p the slraalt iT-.airbancf» !»3 1M 
as pcsall-lo, contact r«slstanc»^ in tbn firing chtiSibci* »nfe'iy Inter.loök, ^ 
an.i mrloiM other oennectione» amoxuit in some cases to us »iwoh as 0a3 
to QaS oJ>3i3,    ^ho«, for lliltletora ?Ao6c rosif'vuvje la uf tho oi-der oi" 
one olitn, tho loss to eKtranoot.B r^eif!";uncs 1« ovdts epTreoiable,     Iho.ie 
loases are Wglitwrtilj  r&ivc^ by the lr.3j-efb<? in reslstanca of t'ie 
lM Tiljiwln Aartag rjriiif»«    The contact reaiatencoo ney red'sc^, to' «on.» 
extent, when lnwyj- euxx*ents err;  ?1 owing, 

9«    rli5 tUm iiilntano» fT.inct.Ion cf the r-.Tlt:J:. ciurii.g the fiv.*st T.i5.')r.>- 
second a£t$r or.osrri hv»B baex; \h<3  :jubjoct c? Pi <3h "•.•ecu-atio^s     .ft ^...^ 
been p^inceci oi:t thct tha orisiiial conti-.ct aree, in aoat oanaa, nru.;t ba 
rathar oaiall,    Thi? tlcios heat >:^r. BO short as to prrj3-x'.e th3 ocnfidoal 
uso of «ven tho Dü'fcnt ?-4^ tec.'ljlagrtirJ». i^. netrurlnc royiataace a5 rv 
fmwtion of t.vip.   The bast tnftanwtloo «t hand '-'licJi /fivo« BOM 
'.n:l3cfit:lc>n pBgwnälng tJio ref.p.'t^rle of energy cliJ.s'lpitlou duo to «.' i--i 
rtaiataiMM Is that rhioh was ebtainad hf rvpüaoiag tlM 'niviator* «1th 
the heater of ■ vnftW thsnK>C">u):>!l8.    TAS thcriiucou^le -.rivoj a QMSboff 
fluxjaeter,    Tlwa dsrioctioa jjf UM flicciiiot-9r J-s:* V-san fouai '-i bo 
directl'.y proportion«! to CT*- urd  indepond^f t of i^.  ^ve-? fo.v   ■C valuer» vs 
low «is a tferitb. of a  u'eropocc'd or ICGA.     lesto of this k:lr.d liara Leon 
cviile nsfJBg R «r.ldo variety of j.r.dtihi^s, both ecnneTX;5.all.7 obtained -vai 
laborstcay ftliriMitadl«    .'i nambor of awitcbe« v;«rc fcunrl to have vaary gooi 
eharactaristica at lo.r voltegrp, but to €.1*« DOCMAlfiSMl low ^oasl^.n-^ 
rhtjn tbi "70.1ta{n3 «u increased a«!.ih al>ov* 25 vol+a ^r ti^.    5*.)OKQ ] iv 
XWMliRgVf rrhich BQJ be tvejet-b.''.e to prs-"rrc^üf iii »cue raoc«, and  '.o 
hiiTJa r;r:5.Et«.,nof. flibsr. :lü othcen ±;i:;xfy,sv ir .(rptpi^ocy o3* ocriK-rcncj 84 
thi? voltage ;IJ; :lnf!'*«S3fc)d,    A rc-iirs» r'-'lay ;.?'.5 been four».' whlAh is 
e'rldontly freo from thla f'fr^c'i- u~ to 30CO voltfi-    Kreijuent aliec?« crp 
cia1!« of the firing sixoults» n'M^ the vcMomai thfcocupl« and fluK •..■:- 
and  it. ;.s b&lJaved thct r.x-itr;. 'OJ^SS ttr^  casl/,   ia jojurvl,  cc-i; ■ 
v/ith V.n daxrJfli.iona sf  the firing energlea   ■»? ich  ire qooted in tiie 
Rccanp.jiyinf; data« 

10,    *?cRt nrltohM sbattor during olosnre.    Keasuraeanta VOTQ rvido :•.' 
the tine be^^Kjnn the first olecmre ajaf the rirst opening bv npana of u 
3«t'iout ray or.r ill•>;.■;".IJJJJ tv3 it TM-J fouj*:  that this tlae «as hlgj 
raproduslüi  for the evrltohea irtiloh vors   iscd,   Cara eaa takao to use 
r^itehen fsr vrhich t'lir. tine ms lonz ccr.->creJ wi^ the firing pft] 

••ID£3.-7l/d. 5 ;: •   ■ 



evßimßKrut 

DJ,    PnriiJ.pc UM Tnost fierioue a'aTeot of t/ic firing eircxtits ursad to 
obtain th© d«ita herein rsported  is the iji<?uctanee of *ihe lo.-dSo 
Coimldorations of aufoty and flfi-.ibillty IN(M resulted in ä general 
clrouTt design \rhj.ch he» eoneidorably more 5jsdu8tanoo then could be 
realizod in a special clpculfc with no safety feutüi^s^    A measuroneii'> of 
a typical oirouit shovfod ti-ie imluctoiioc to bo 4«5 wlorohenrlee*    This 
Jjviviotance might be expected to have two effects j    the loss of onos'gy 
by tilectrrwiagnotic radiation and tho distortion of the pulss shape and 
durcitJ.on,   The tests raentloned in paragrapii fotn*# above, indicate that 
the radiation looses are negligible»    However, the effect of the inductance 
upon tho pulse shape and length May be quite appreciable».    No vorkp to - 
date, has cast nuch light upon the effect of puj.ae shape but it has been 
well establiuhed, both in the eacperimentp heimeln reported and in those 
reported in Hefcrenee  (b) aa \rell as by othersw that pulse length can have 
a very lnport«mt o-ff«ct upon the energy rx;qu^i.-o;"!ort of an electrto 
Initiator. 

• 
a—in 
12„    A circuit Involving car-acit-ftneo, reslstaoMf and  inductance may be 
either over.iiüinpod,  crlticalll.y damixjd, or iinderda^pnd..    It can be sho-rn 
tl^at cirau'ts In the critic.-illy danrjed and  ovariantxsd coAditiona 
(where ££   i« equal to or greater than one)   deliver most of their enorgy 

to the rosiatarc-o in a  tine oqi:5.valf»nt tc BD hot that underdnnped 
circuits have tteie const&nts pro;x)rfclcn3l to 1./R. and independent of riC- 
The und^r^a^iped dlMhorge is, of co'.urse^ osoillatory and the oner/cy is 
dclivev^od to thn reslstsnss in senrarsl pnlsss« 

Si'^ya üsgi5i£-i2ä ntinffä 
13.    Th3 foregclng le a discnsslon of condenser die-charge tiiro'otrh a 
constant rosistHftce,    Jlost of the Initiators discussed in this R'eraorurd'isa 
h«<i bridges of tungsten which lae a high t}ier^a.', cofjfficiant of 
rosiativity.    The neak values have be^n c«lai5lat.ad tc ror-oh eight oc 
ten tin^s tL^ rosiatance at rcc.« t inmisttirs,    Scperiments of several 
typen, iihioh rd.ll b«  described l?tsr in tMs tv^orb, indicate that th«! 
•noiic effective rsslstsiios of the tungsten briires during firing is r.f 
Vbm order of ton to tlirod titse;; ^ihe cold rsslstsaDS«    Both the peak iisx*. 
siean sreplstai-icor, are functions of the pe<ik teEpirabure which varies 
appreciahJy 00 will be seen leter.    The arbstitntion of su'jh a r«an 
©ffnetivo reolntoints is a unefvJ, a^proxirjation in ostinating damping 
coefricients, tinto factors,, end impedsnoe ■fctohse« 

plotributeJ BMBtfJBMi 

l/.<.    Ho r.easuriBonte have toc-r. ; ade of the dietrfbtttsd cu^wo' tance of 
tlie circuits, out ev^n the lAUTgest sstSaatO is Iss? tliar 100 mlcinx ar>- 
ffiraris which la neglfgible conrnrec* with   iho oovsla.r.ei'e   aooJ In the t'itr, 
■'     7-.-J-  •■* hereii. 
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15«    A31 of the ebore devlctlora from the ideeJL olrouit (except that 
due to the distributed cRpaoitanoe, which le negligible) hsveone or 
both of tiro effects; tho diasljatlon of part of the energy C^V^A) at 
points other than In the initiator bridge, aitu the increase of the 
pulse length to periods longer than Hie   The first of these does and 
the last ooy iaoreesa the apparent energy requireaeat of the Initiator, 
while neither can result in s deereese in this quantity«    It can thus 
be concluded that the energy roquireoents quoted are not lower than they 
would be under ideal conditions»    The designer of circuits, if he knows 
the output of his firing neehonisa, can be confident (with tbs exceptions 
to be noted below) of ebtalnlng at least the calculated reliability of 
a clrcuit-inltietor combination y but the probability of primers firing 
on spurious signals inpreaaed directly across the bridge is probably 
greater than night be eoluulated from the data* 

16»    While it le not the purpose of this menorandum to attempt the 
derivation of a rigorous theory of the hot wire Inltiatlcn of axplosiyea, 
it might be worth while at this point to discuss some of the factors 
Involved» 

The simplest set of assumptions whioh might be made are that 
(l) the exploalvo has a definite "ignition tGnperature'1 above which it 
will always initiate and below which it will remain unchanged e (2) the 
firing pulse is very short comptired to the cooling time of the wire and 
(3) all the energy In tho pulce is delivered to the wire so that the 
maxiousi teraperature reached by the wire is the quotient of the energy 
in the pulse hy the thermal oapeoity of the wire»    On these assumptionsw 
the energy required to Initiate a propagating reaction is proportional 
to "the volunio of the wire tor aystems of identical raaterlaia but varying 
dimensions and is Indepöndent of all olootrloal variables^    These 
assumptions are a mthor good first appro::ination for predictions of 
performance within a limited rango but the "igjaitlon tempar5ltu^e,, asstma 
must be much higher than those determined by such standard  procedures 
as inaerslon in metallic baths, dropping on hot plates, etc«    Of course 
it always is possible to manipulate the charactorlotics of tha electriotl 
circuit so that the second of these aasiaapfcions Is true.    The first of 
the above aseunptions, Trhile xjsefol over a United range, may be 
nlsleadJLrg where order of Mgnitode changes of wire slse ore oonsJ.derscL 

17«    Consider a relativaly large nass et cocplcsi -o, a liwdtod iX>rtioji of 
which has been raised to a high    toflpsratiaM ctunperod with tho larger 
mass.    If the material behaves in accorlaws ■sri.th the Arrhcnlus equation, 
t!ie reaction rate is  proportional to Ze~ij'*" where E is the activation 
energy, R Is the gas constantf T is the absolute tanperetu:,e on.i Z Is 
the oollison nunbera    At most of tho tesp&rtturea herein cc»nc ider<3d, 
tlierrwl loQr.es can "be eoneidorod to b^ p:.-oportioial to  the t«»n:->emttir« 
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gradient and to tlrr area of the surfade through «hieb the heat Is lont» 
For goonetrlcally slidlar racsec,  the r.urfaoe-mlu»» ratio Is Inversely 
proportional to the size   (one of ths linear dlnenslona).    Then for atQr 
given size of the heated portion, there nill be a correaponding temperature 
at whieh the losses Just balance the heat generated by the reaatlon.    If 
the teoperature is loner,  the reaction will die out.    If it is higher, 
the reaction «ill accelerate.    Aroo the above considerations. It Is 
obvious that this orltioal temperature la higher for snaller heated portions* 
It can also be seen that the chongo in critical teoperature with size is 
smaller for explosives of higher activation energy (fe}#   The case of a 
spherical heated portion has been considered by Oaoo* ami Finklestein 
(Reference  (o)) «ho have derived a differential equation which was solved 
mechanically for a few points.    The case of the long cylinder has not, 
to the writers knowledge, been solved(     It was noted, however, that the 
nuauriool solutions mentioned above satisfy, very nearly, the equation- 

la a ■ E      ♦ k      (equation 1) 

which also is a close approoclruition of the solutions to the one, two, 
and th-reo dimensional eases of a finite nass of axploslv.. which is 
brought into contact with an infinite reservoir of hoat^, where B 
la a linear dimension, k Is a constant, and T    is the critical 
explosion tenperature (absolute).    This suggests that the sane equation 
might apply to the two dimonslonsl trrtn^'ant case.    Aesuning this 
equation to apply, a plot of the logarithm of the diameter versus the 
inverse absolute critical  teaoerafrirn should give a straight line the 
slope of which is equal to \fzx. times the activation energy-    Appllcatior 
of this equation to the detensination of the activation energies of lead 
styphnate and lead aside TT411 be given in & later section^ 

18.,    übe tests upon which  the data given in this report are lasod wftr© 
made by the Bruoeton rnetho"' of tasting which is discussed in morp detail 
In Reference  (f)a    In the greater part of the tests recorded in this 
report the initiator being tested was subjected to the discharge of a 
variable condenser which waa charged to i>. fixed potentiale    The 
capecitnuoe of the coiideneor   was Toriod 30 that tlio energy delivered 
to the  initiator was one or another of .?. oer'eR of stope or onerf*y levels, 
The ossontluJ. feature of the DjfKJet-on method  of testing is  +}^t «^ioh 
initiator is tested at a single energy level «jrf the moult of the 
test recorded as a success  or i'f ilure as the case may bs«    If the trial 
io a failu2*e tlio next tnifciator is  tested at the r.eoct hip^-er le^^l 
If a given trial, is a STjoceaa t,he energy given the next initiator 1» 
that of the next lower levol.    The  levels at which oucceaalve initiators 
are tested will fluot\:&to nbout the point at which fifty percent of the 
initlfitors wculc? fire.    Plate 3 is a reproduction of e  typiCiil ocaplstsd 
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toöt sheet« TLc step« ccn be looeted so that nlther the energy -walue« 
theoeelves or th^ valiies of some funotlon of the energy, say F« are 
equally spaced•  If, for each value of the energy used, the peroontage 
of Initiators which «ill fire at this level is plotted against F as ac 
independent variable a frequency curve nill result. In carrying on this 
test one usually atteapts to make a choice of the function F in such a 
■annex* that the resulting frequency distribution is normal. This is 
especially desirable if any attempt is to be made to study the variation 
present as one asist do if he is to estimate the accuracy of his results. 
In these tests the logarithm of the energy was selected as the function P, 
It soons reasonable to suppose that this choice is better than that of 
u& las the energy itself« The frequency distribution of ninlmnn firing 
energy of the initiators with respect to the energy itself would be 
limited to non negative values and sinee the normal distribution curve 
extends fro« negative Infinity to positive infinity it is clear that 
using the energy Itself as the independent variable will, not give the 
normal distribution curve« It also seens clear that the normalizing 
fraction F should be one which transforms zero energy into a nogatlvs 
infinity and leaves positive infinity unehanged. The logarithsi is a 
function which has this charaoteristic end has been used by nany 
Investigators in the flold of explosive oensltivity raeasurem^nt for this 
purpose. The reoults obtained in testa appear to support this choice of 
variable. One such teat was node using Initiators having a tungsten 
bridge of 100 micro-loch wire and loaded with lead styphnate* Between 
forty and fifty initiators were tested at each of several levels., The 
results of this test «ere analyzed by the Probit method Reference (e) 
using the energy as the independent variable and also when using the 
logaritfan of the «merry as a normalizing function» The number of 
Initiators which would be expected to fire was computed on the basis of 
each assumption« The fit was tested by calculating the value of Chi 
Square for each assumption.. These results are given in Table I« The 
values of Chi Square are oomputod from the Probit analysis ao described 
In Reference (e;,. If the predicted values given in the table ore 
compared with the obserrod values with the first three loffer enex*gy 
values grouped together and the value of Chi Square is conputed the 
result is 0c255 for the case of pa-edictlon from the energy itself and 
04062 if the Jogarithn of the energy Is uesd. Hatea 4 end 5 are graphical 
represontations of the above calculations« 

19« The Fröbit method of analysis consa rbft of a change of the deponient 
variable so that the accumuln ioci frequency circve is ohangod Trma  en S 
curve to a atra5.ght line if t>e frequency distribution is normal. "Rye 
predictions shown in Table I aro made by flccJing the equation of the 
best fitting etraight line ao piven by the theory of Hotst squarso and 
then calculating; points on this line« 

20, For any sample which has hson tested by the Bruoeton atitbod it lo 
possible to test the assumption of normality. This test has been appJlad 
to sever«! such sannlos and the results tnHoF.te that this assu.^ptfon 
is Justified when the logsrltlim of the energy Is us«? aa the ini^pendont 
variable« Plate« />t  5» " and 6A are grf-pfilcal reyareoentstlona of the 
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above calcrJati.'Of.     Plat«? 4 eixl 5 glvo the «:.xfsl©3  faring 
nrobi^üiMea in terms of pj'oblts^     plates 6 one! 6A »^Iv« the SOJIKJ 
inTcvrnation in torn?? of pernßntac«.     Tue upppr and lotror eurve« tTiv»> tl^e 
95'^ MBtfUtanM llnit.i for the firing m'o'r-sMlitj.    Theee ourveo ccrrc-epor»;! 
Mitk thJ> iLiilts givcx. in Tablo I, 

21.    Hesulta of thear) tests are subject to s«iwpljng error as in any 
nethed of testing.    In particular the estimate of the standard deviation 
lo subject to considerable error If the sanplo size is less thaß about 
fifty,    Slnoe this Is the case In many cf the tests reported here too 
nuch confidence cannot be plaeod in tha results..    It is thou^it, however, 
thut the reexilts ß-iven hsrewitb are reliable as to orders of magnitude 
and nill prove \>s©f»Jl a« a prellndnary ostinate of the qtumtitl^s involve:. 

22 0    Although an atboaupt was made to eliminate all variable« except 
those being studied, this was not always pessiblo.    Both the explosiver: 
end the oirouits sjaed nay be aTfwted to ear* «grtant by thß weatlier 
Ooailtioa0«    The mHfjnltufiöü of KOJ avch sffec^o have not been measured 
but thero is qualitative evld^nee of their existence.,    Some coauaercially 
obtainerl vrii^c. is unifcra for a suffieiflttt length to oreate the Illusion 
that continuons chßtrlug is ^m-öcessary, an Ulnslon nhioh has be.on 
dlnpejlol«    XIMMI togattMr with so«:© of the other variablca mention»! 
OIBQWIMIII^ in this raesjorKvit.lnia Ar« probabla reasons foi« tl»e inhcttogeniety 
which fmp scxiC'tinios observsd anon,^ SGcmin^y similar lots of initiator» 
in MM'of the earlier ecicper5jB8nts.    Wlien a apeoifio eCPoot was under 
stuly it T;fis the   --zvxtice to pröparo F. jarge number of Initiators vYAsh 
«o.i-e nmloalMd doon to tho point vhotra the effect to be studied car^e 
ijito plaj*.    Thus offeota enn he atmLo:] which change the  energy Jess 
t!iaa tho unrooldotblo varlatiooo betooou 2ots» 

2?a    Xaltlatora «ero node with bx-ldge vüiro« of n •■mriety of dlaaMtoni 
aa-« lengths.,    the r.iewi ener^ jreiiulre^entf» of n niober of these^ loodod 
with load styphsate ere tabulated In Table 11, arwl praoetxted jxr-r^ilcnlly 
in Flato 7.    At first glanoo« tlis eorroXatlon botmuon the VOIUBB of tho 
bridge mr\  t\\K eA^r^y recyuirrt-i^crxt Is opparent«    Vui'ther Inspeetioci will 
1 HTIiiil t^iot s/Tfeller wi.rea, \e pr'-juict^d by theory, heve s  higher en^rf^' 
requirer^öut pei* ^Eit volume ■'•'äar. larger id-res»    The opparttnt nsf'.l'gIb.'JJ.t,5 
of this offeot in the results with tl^m  ''T^^iet 0" wire  {see Hate ö) 
«ay be attributed to oithsr aqpojcioaotal error or to ineo«urwcy cf tiia 
affl^ujnpt'i'n that both sejnpi'f^ of xr'rz have the sane repictivity.    It vllJ 
be note.i thi'.',. in addition to tht* Inoroeaa in soargj r^r unit volurje 
'-j'.tti ti>o deorsiire in dlasieiter a« proliotod by rcac*:.ion  dLnotioo. th«i.*e 
is en •Jt<orea5-a with rrrduotion of longth.    Tills Kay be attrihutm 1* & 
nunbffr of factt^ra «hioh operato plmol'taaoously.    'J^ot losooo thrwigh t--r. 
n-.la c? the •Air«, j^rr oontact betoser  the oprayneta] a» ".  the ' r^dnc^. 
ant ttrternol olrsuit resiatansa all oontrH ute«    Fhe it.'-ACvt. '•i;x>rta'aoc 
of tl epe faoters ennnot bo readily toeessod a'nee they \'2 or^rate in 
■U-ie ia&e direotioo« 
* 
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Clreui|t Factory 

24. The energy required to Initiate an ratploalve by means of a hot wire 
la a function of the rate at whioh the energy is epplied, unless it is 
applied in a tine which is negligibly short as compared with the cooling 
time of the olre. This oan be illustrated by the obvious fact that» if 
the energy is applied slowly enough, initiation will never occur» Since 
aoat energy sources are subject to limitations regarding power output 
as well as energy per pulse, information regarding these relationship« 
Is essential to the rational design of electric fuses« etc. Such 
information is perhaps even more important to the theoretical interpretation 
of results* A nuriber of eocperinents were made in which the capacitance 
for 5056 firing was determined at each of a series of fixed voltages» The 
results of such eocporiiaents are shovm on Plate 9o It will be noted 
that» for the larger two slses of wire, the energy becomes independent 
of the voltage above 14 volts« Data on the smaller wire beyond this 
voltage becomes somawhat less reliable because of the small oapaoitanoe 
needed. The shape of the ourve, however» indicates that it will beoo&e 
very nearly perallel to the constant energy lines a short distance off 
the graph« Similar results ore plotted on other oooidinates on Plates 10 
and 11« Perhaps the clearest interpretation is that lUus ^rated on 
Plate 10 where a minimum energy and a minimum voltage are the asymptotes 
of a hyperbolic curvo« The affect of pulse shape lias not been investi- 
gated but «sperlments with high inductance circuits indicate that results 
for oscil3atory circuits are analogous to those for damped circuits of 
the same decay times. On Plate 12 is plotted energy as a function of 
decay time. It will be noted that the retmlta for domped and oscillatory 
discharge make a good fit to the sar.o curve» Although there ore too fonr 
points to be conclusive, the indication is that for practical cnnslieratiors 
the pulse shape affoota the energy ;«equiroment only to the extent that 
it affects the time required to dellvor the significant pert of the 
energy« A rigorous theoretical approach would undoxibtedly reveal a 
more uomplcnc relationship.. BxperinentAl teonniques have not advanced to 
tli© point where auch calculations could be checked* 

Sffi^Uw iMlitoMI 
250 Most of the initiators dlpousaed herein have tungsten bridges. 
Tungsten, like most pure metals which are good conductors s has e rather 
large themjal coefficient of rsaiativity» y.n the eases of the aEaller 
wires, the realstanoe corresponding to the calculated peak tanperoture 
(on the basis of negligible heat loss during the discharge) is of the 
order of ten times 'ehe cold resiatancoo The effective resistance is 
obviously sonewhere between the cold resistance and tills calculated y-aakc 
On the basis of negligible loaseo during the discharge, the effective 
resistance should be very nearly midway between the cold resistance end 
the peak resistance since tho rerdstanoe 5.3 a diraot linear function of 
the energy* Two different types of eocperiments wore run to chsck 
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these eemctptjLons.    In ono a variation on an unbalanced brll^n oharater 
wae arranged so that a vaouua thermocouple»fltecBeter comblnat lor. oculd 
be substituted for tba gclvanooeter.    A calJbmtion was made with a 
decade reslstanoe as one leg of the bridge with pulses of various magnltu)esff 
A number of initiators were tested usin£ pulses of suoh nagnltudee that 
the initiators received apprccdLnntely their threshhold firing energy* 
The reslstonees measured In this manner were rougUy three tines the 
oold reelstajooes of the Initiators.   The other experliaent consisted of a 
series of Bruseton type tests as described in an earlier section in which 
fixsd reelstanoes were plaoed In series with the initiators.   Test 
conditions were varied in such a manner as to keep the HC time as nearly 
constant as possible for all uf the tests.    The energy requirement of the 
system Including the Initiator and the fixed series reslstanoe was 
found to be a direct linear function of the external resistance from 
which the effective resistance of the initiator could be calculated« 
(See Plate 13«}   This eocperinent yielded a value of 3*18 ohms for a lead 
styphnste loaded initiator with a tungsten bridge »00029 inches in 
diameter by «030 inches long.   The thooretlcal cold reslstanoe of these 
initiators is about Id ohm and the measured resistance is usually of 
the order of 1*4 ohms.    The calculated po«]f resistance is of the order 
of six ohms. 

Epcnloslvfp fcJfcBBllll 

26.    A number of primary explosive oompounds a£d mixtures have been 
used as flash charge tnaterlols.    Results obtni/ied with a nunfcar of those 

' appear in Table III.    It will be noted that, although the materials are 
listed in the order of decreasing sensitivity with the smaller brldge- 
wire, the values with the larger wire inolude a number of inversions of 
this order.   These are predicted by th<9 theoretical considorations dis- 
cussed in paragraph 16.    Ob Plate 14 more detailed data for lead aalde 
and lead stypbuate are plotted according to equation (1) which predicts 
that the slopes of the lines are equal, to ^ tines the activation energies. 

2K 
The activation energies for lead styphnat« and lead aside detaralned 
frcua the beat lines obtained by tho ia«thod of loast squares nre 
57,300 and 21,775 calories per vol respectively as compared with Henkins 
figures of 58,800 and 21,200 cai per mole     (see Reference (d) )    Thi» 
rather olese egreesnent, takan alone, would tcarf to confirm tho validity 
of equation (1/*    Th^re are, however, a nuaber of rec.sons to believe 
that the agreement is coincldentftl«    More closely cortrollod experirento, 
for «Kample, wherein a number oi  the lndetotnine+.© factors inhore»iv in 
the eleotrie initiators of the construatlor: discussed herein arc greatly 
reduced or ellvd anted, 0.ve much lower activation onergies.    These 
experiments indicate that the most Iraport&nt of these factors are 
associated with the 1c* len^th/Jianetor rttio of tlie larger diameter 
bridgewires.    These factoxrs (oxtornal leases, and effects, etc.) tea' 
to increase the energy rsquireneut of thf: larger wiros more, proportionally, 
than the sriallar wlrea.    If neglectad, th«3o '"*;toiT5 tend  to iocvef.*« 
tho appftrent tcEpertitur^ differential batvaan differ«>nt »ii<^8 of wlro and 
hence increase th^ oalcJatad activation energy. 

COHFIDKjrTIAL 12 HÜLU 10771 



ecnmnfiUr 

27* Oti Plate 15 the mean energy requirement la plotted aa a fonotion 
of the brldgetrlro dlaneter for a fair aoeploalvea. It will be noted that 
the tanperature corraapondlng to the neaa firing energy for loai atypfanate^ 
whleh, aeoardlng to Heokis Oteferanoe (d)) has an aotivatioo energy of 
58 »800 oaloriee per oolp tarlee muoh leas tilth wire diameter than dooe 
that for lead aside (E * 21,200)  and mereury ftilnlnate (E = 20,200) • 
The uaeuraooe with wnlch Hate 15 oan be relied upon for the prediction 
of reeulta la ialloeted by the points for lead atyphnate which are 
numerous enougn to giro BOB» Idea rogartJlng the spread to be expected« 

28« A oormcn additive to primary eocploalTes la potasaius chlorate ^ 
A number of es^perinenta nere run to determine the sensitivity of auch 
mixture« as a function of the peroentage of potaaalum chlorate. The 
results are plotted on Flats 16. It rrill be noted that, in the oaae of 
diasodinitrophenol, the most sensitive mixture for «OOGQ. inch «ire is 
quite different from that for „00029 Inoh wire. Thus, as might be 
eocpeoted, the activation energy evidently changea with the proportions 
of the nlxbure. Perhaps the most striking feature of the curves on 
Plato 16 is their dissimilarity, which indicates the impraotioability 
of making any predieticna at the preeont atage of the Investigation. 
The lead thiooyanate ■ potassium chlorate mixtures are, of course 
mixtures of two acn-eacploalvesc 

29, As previoualy acted. It has been found neoessazy to grind the 
explosive in a ball mill. Since no equipment wca available for the 
measurenent tf subsieve particlee sisos of prita&ry ezp3.os5v«ssf an 
ecxperiment ve^ run to determine the relationship between milling time 
and senaltivity. The explosive used vae lead styphnate loaded at 3/.00 
psi and both v0001 Inch and o00(>>9 inch t.ungatön wire were used 
{.030 inches long)« The rosulto ara presented In the following tebulatioa.. 

aming Time Surfer SaaaiLBEsati (Q^CT? Iz^tesM^^.v-l 
,   Stau ^OOQI im]} aBBPB  

2 1160 - 1235 

16 177-1% 103O-1C95 

Aß 158-179 902-1015 

112 U9-162 895-946 

The values given are the fifty percent firing onergies plua and rainua 
their standard deviations.   This erxperixjent was run while the glusa 
bottles nrevlrnialy refsrreJ to -.vero stij.1 in UPO.    It will b* noted that 
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the atnsitivlty Inoreases with grlrKÜn^ tine. The exploslre v&B  r/et 
frith ohlorofora during grlndlnff* The data orö represented gruphlcnlJjr 
on Plate 17. A mther aurprlalAg aaquel to thla eocperinent «as one 
In trhieh the same eacploalves nere loaded after standing In the ohloroforii 
for eight or nine days after grinding. 171th .0001 Inoh brldgewlree the 
▼aluee obtained with material «hloh had been gemmd 16, AB and 112 hours 
were 160-173, 154-171, and 162-172 respective^ The Billing tin» had 
no significant effect upon the sensitivity, where the material was stored 
under chlorofora for several days after grinding. Although there has 
been some speeulatlon regarding the reason for this behavior, the correct 
eacplanatlon is In doubt. 

T'ft*l^<r>g firessury 

30»   A brief experiment was run to determine the effect of loading 
pressure. The results are presented graphically on Plate IB. The 
Increase In energy requirement with loading density is too snail to be 
of Importance Aram a practical point of view so that ruggedneas oonsidei'- 
atlons, etc« should be the controlling factors in the choice of loading 
preesures* 

^eproduelbllity 

31a 'if utmost Importance to the designer considering the use of the 
low energy spray metal type priner in his fuite designs is the 
reproduclbllity in firing character!sties that cam be expected* This 
Is particularly true in fuses where two primers of different energy 
requirenents are utilised in the state fuze« Tables 17 and V shew a record 
of a number of tests conducted over a tliree year period. ?raa this 
an idea of the reproducibillty and the spread of firing energies can 
be gleaned* However, la surveying those tables It should be kept In 
mlud that during the past three years there has been considerable 
improvement in firing oqulpmeat such as switches and firing chambers 
and In the resistance measuring technique for tht>  reduced diameter 
tungsten wire. Hence if these factors have led to less circuit losses 
and more uniform primers, the most recent primers should show lower 
energies and less aprerd. In comnienting on the results obtalned with 
the Tophet-C wire it is pertinent to remark that the 139 ohm/la»  nire 
used in the more recent primers was not entirely uniform. As the spool 
was used, the resistance becane higher and the firing energy of the 
bridged primers became loner indicating a m iliwl röduetion of tho wire 
dlanetar„ 

32, Ueasuroments have been made of the time intervula between tlie 
firing pulse and a signal received frort a probe which is outside of 
but close to the outpi.it end cf the initiator, Host cf those nxasure- 
nents wore md« In cennwstion with  specific problsrs in the application 
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of the Initiators eo that the data »re noa&wh&t spotty aad diacoiinostel > 
Th«  tl»e measured Includes the time taken Tor the disturbftnoc to rowh 
the prob« and for the timing device to respond as well as the time between 
firing pulse and explosion>    Two different probe systems (shown on 
Plate 19} as well as two types of timers were used»    The data obtained 
with one «rrangenont nay not be direotly conparable to those obtained 
with another 

33*    The data plotted on Plates 20 and 21 were obtained using the 
arrangement shown In Plßure (1) Plate 19»   Those on Plate 20 and the 
lead aside data on Plate 21 were obtained with a vacuum thermocouple 
timing circuit similar to that described in Reference  vg).    nie data on 
Plat© 21 for initiators with lead styphnate flash charges were dbta^asd 
with a Potter Counter Chronogrcph.-    The data plotted on ELate 22 «ere 
obtained using the arrangement shown in Figure ''.■;) Plate 19o    In 
obtaining these data a Ratter Timer was used *j.th amplifiers similar to 
those used with the timing circuit described tn Reference (h)... 

34 o    It will be noted that the initiators with lead aside flash charges 
are much faster than those with lead styphnate flash charges although 
previous sections have shorm leid aside to be much less sensitive.    This 
is in agreenenb with the genorel eacperienoe that reactions of lead aside 
grow to detonation with very short burning per'ads if any at all, 

ffopfiteft. ani BUM 
35.,    Although & large manbor of firing mechanisms for electric primers 
accomplish the firing by an energy surge  («uch as s discharge from a 
cliarg^d capacitor) throueh tho primer bri;?ge„  it is often of interest to 
know something of the current firing charaoteriatlcs urder conditions of 
nefjiigible chancre of ourront wl'-.h tinöo     It is fairly obvious, for 
exaaiplo,  that durljrjg the course of fabrication of electric primers the 
prlnor resistance must he taken a« a quality control, ani this ueuslly 
Involves the jxissago of curret^t through the bridge wire while It i« 
surrounded with eensitlve explosive^    An inquiry into the firing 
characteribtics of priirers unriei* constant em wit passage wouljd Indicate 
among other things, tho naxiimaB omsait wnicb oan be safely used in 
stich tests ^ 

36,    If one considers a wire of diameter D, rcölataccs, Ro and 
lentth. 1, passing a steafjy current I than tl:,e- ernesgf input in a utli 
time • ill be glv :n bj   t2R and this will bo eocpendec! by useful heat 
conveyance througli the wire's porlpheral surfnoe ar^d heat lost chrcugh 
the wlrs's end surface.    If th^ heat loss fhror,^ fclio wire's ends is 
neg7r^t<»d or.B ^»y wri^r 

Equation  (2) TS. =*7/m-Lte T 

where o-(s  is a aurfnee oouluBtiwity factor a*!   Ü T 
the temperttuv  ire p be^ror. tho ?irf  mid the aKplc^ive^, 

Bltetlttttlag for R Its eou^vnlpnt v-ilue of ja ^e obtain ^^^JT OIC. &T 
T7- if- 

•r /i T = !^ 
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-^■.■Mi.MKj Via*j w-he errplosiv» he? a conn-irnvt igniti-sn teetjetn^urt», -tuen 
tiia IkVMkhfliUI flrlBg current s'iouM «quei:    If ^ % C^/i»    Vrat a.:cfi 
& alraple relxtio»>3h\p dcK?E i\ot weist for prlaerc of wry sjn&il bridge 
ler.frtJi IMMBM p.ppärf'Rt frora an aüalyyifi of eoep'jriniental data such as 
that plcttgrl or. Plate 23.     The fifty pggDlt tfxtsig point for naeh 
AiMMtar ana  icin(jth was obtainei usin^ a "Bruopcon" last p.roc;Q.lura 
Involving between 4.0 and  50 panplcs for nach poiu*. plottod .    3un-eat 
p^öage »<>P riaiiit?jlnfcd for a psrioi of 10 eeoorda beiore a shot waa 
«ailed « failure. 

37,    Fix»- Pl.iöe 23 one nay dacluoö that tiiere io oonsidsrabl« b.eat lost 
throurfi tlie wii*o  !5r*d;-; li* this r.'ere not «o the ourront fte flrirjc sho-.üd 
bf» lnd«pand0nt of tho bridge l«nfth (the power input per unit length of 
brldga if? lad^Mndant of the» laogth a» lancth a.nc^ roeist'tno« an iircooriy 
propoirtjc;»al)..    The fact that bridipe^ üf the sai-e iiaaeter bttl 'iiffGront 
lanßth requirtj different ourrrr-ts J.a ettr:"tutable to difforc-ut heci loss 
through the -vli» ends.    It should ba noted PISO that as th? brieiße iltwn»tar 
gets 3.Äigar the end los&es alr-o gst Isrge:' (the eimPM iivsrg;«^.-     TV;ic 
affect is in a^ireeinent with the «rpoctatlooa beoaane th© ratio of tho 
eöd ar«%x to tho surface a-rea  (     ^' ^ D    )  for • {jiven iMfth 

lnoro.';soc with tmirwllig dlainöter.. 

36.    If tqmtlon  (2) is modiflsd to aoee\iiii  for oav. losses we obtaia: 

s^J 

£>%- 

This equation at r,-i£»9sen^ wotild bs oxtv*«jtely difficult to solve 7'or 
Boverel reasons: 

(l) The nlre tejaprrr twre   .'nr sxplosloR if; an utLiattt'-m fUnotloB cf 
tije dlam«vter« 

(ki) «>« tJie reaistivH^r of tlia wirs Daterlal and fc^r I-JG thenaal 
c-U'Iuctivi^y ai*» ftonotlons o? the temperature. 

(3) The relation botw-rten the ausfaoe ooeffldlent of heat trannfar 
between the xive and the «acrplcrfve (kg) and the teraparcitaro iu not kncxni 
md M'i' be iiapor^uit.    kj Kay alao ba a function of time.. 

P'.-.rlur.pa data of another tj'pe, auoh as the onergy for firlr>f» hy cor«v>n3sr 
a*- long FS tliwa, or a meeetxrc of T!

 B    l»e to fii*. ala«^ .T'.I'   the eurrvii 
t'» f! oder •; • . banl  •■ txrent   txiafs omt Iltiona nny be ' ■'.-     .1". tc 

• • 



QOKnsanuL 

yloM a solution for  tlie quantity  T in the abore «quatlons oad  a 
valoa of P. for the primer, until aooh a tine equation (3) is of 
hypothetical interest only. Vhe data preaeatad on Plate 23 are plotted 
In a different fashion on Plate 24 v 

CQBCUJSIOBS 

39* The oonolusions whioh oan be dratm fnm the data diseussed above 
are suaaarlsed belowi 

(1) Thai- the threshold energy requirenent of eloetrlo initiators is 
roughly proportional to the voluae of the bridgevire. For minor adjust- 
■ants this is quite preeiseo 

(2) That, to effeot initiation of flRplosives, small diameter bridge- 
sires must he raised to higher temperature» than larger wires. This 
sff'ect is more pronounced for some exploolves than for others, 

(3) That the threshold energy requirement is inversely related 
to the rate of delivery of energy except where the energy is delivered 
in a very short time. An initiator^ of 100 aioro-lnsh dianeter wire 
which will fire on an energy of the order of 100 ergs must have this 
energy delivered within about 5 microseconds. The shape of the pulse 
apparently has little effect. 

(A)  That an increase in either particle sise or loading density 
will Incroaae the energy requireuient, the latter only slightly, 

(5) That the addition of potassliu» chlorate will sensitise some 
oocploslves to initiation by a hot wire,. 

(6) That the steady state current nensitlvity of fine wire^ short 
brtage length initiators» does act change as rapidly with bridge diameter 
as does the poise energy sensitivity* The latter varies practically 
directly with the volume or "tquare of the dlaraoter while the former 
varies with about tlu> 3/fe power of the diameter (see slope of Flats 24). 

(7) That the fasteat initiatdon Is not necessarily obtained with 
the most sensiY/lve explosive,. Lead aside,, whioh is one of the sort 
insensitive materials tested^ 1c by far the faotest, when initiated 
•.7ith a sufficiently vlgoroua puiecc 

^0, None of the above Btatemento is particularly startling. Most cf 
then are prsdictable fToo relatively simple basic oonsidemtions or had 
bean detannined for other types of electric initiators la the past.« 
Th«> prlrciples •Khioh govern ♦•he performance of 8preymeto3 electric 
initlatcrs ere tha samo as these which govern that of all wire bridge 
initietors» The advar.tftga of taa nnraymttnl process is that it gives 
tha designar an onpr^eientecl rontrol of the factor« vhleh, la tom, 
control perfomanueo 

COIff-IDW.TlAL 17 HOL?J 1(7771 
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41«    The data present«! herein do not, IJO genet-al, refer to laitlators 
whloh are roady for raleade as praotleal fusa eonponwrta.   For tfaa 
designer of fuzae this maaomndm glvea aoiao Indieatioo of «hat 
aharaoterlatloa might be oorpactod of electric Initlatora of thla typo« 
For tha daalgnar of prlnera and detonators the Infometlcn herein can 
be usod an a startinff point in tha develo]»ent of a na» itea.    Tha 
eoneldaratlona   dlaeuased in this manorandan arc obriooaly oo2j a t** 
of tboaa irhlah «ast be taken Into aeootnt in tha daaiga of a device 
for use in ordnanse.    Other eonsideratlone, etch as surrelllaneap 
coDpatlbllity and «aohanioal ruggednasa, and the Incorporation of the 
Initlatora la prlnera and detonators, are left for future Beooranda., 

<^1 R. 3TRESAU 

J.JjaJkJL 
X.  KABIK 

L. D. nuiffoir 

RSsIKsID^eee 
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CONFIDENTIAL PLATE 2 

POWER 
SOURCE 

PRIMER 

SWITCH 

CIRCUIT FOR EXPERIMENTAL CONDENSER DISCHARGE 
FIRING OF LOW ENERGY ELECTRIC PRIMERS 
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CONFIDENTIAL PLATE  9 

CAPACITANCE   REQUIRED   FOR    50%   FIRING    VS    POTENTIAL 

.FOR   ELECTRIC   INITIATORS     WITH    TUNGSTEN    WIRE   OF 

VARIOUS    DIAMETERS.   FLASH  CHARGE-LEAD   STYPHNATE 
li> . 

IOC 200 SCO IOO0 2OO0 5000        ENERGY ERGS) 
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CONFIDENTIAL PLATE 19 

FLASH   CHARGE PETN 

Ö 
PROBE   PLUG 

INITIATOR PLUG 

FIG.   I 

FIG.  2 

OEXTRINATEO  LEAD   AZIDE 
(50 MG) 

-»-j |^-  0'.'OI GAP 

SECTION A-A 

SPRAY METAL 

•—. 
< 

.1 

< 

1       1 

FLASH   CHARGE 

© 

M 
CAPACITY   PROBE 

PROBE   SYSTEMS  FOR  MEASURING FIRING 

TIME  OF SPRAY METAL   PRIMERS 
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CONFO£NTI#L r PLATt   Zl 

.RCCCI^CD.-U 

- 

FIRING TIMfeS CF ECECTHIC INITIATORS ¥*  FIRING VOLTAGE 
(CONOewSER - OtSCHAROE  f*fHNQ  USING  VÄCÜüM SWITCH) 

LOADING;  FLASH CWAÄGE     /I5 AOr«J-^ •)       ;J_::-J.. 
.__ PRIMER CHARGE jOgOom OOcTRINATpp L^AOJ^ZlOe^ AS 

BASE   CHARGE   O^O - OÖOfli»; PETN  AS RiECElVfcO 
FIRING' CöiläENicRrOpSp mfd 
BWOqS *tM€ - T^NOfTEW-t>tOOOg9^tA{.^f ^GM>»Q i.^ 

.'Jl  j       . :       •       f    * . . I -•    ■ ■   *■■■■(.■ J. ..        ■. ^.j,, I-«'! ... 

t 

—I— . j^^öif. rt/tsH* cH/»*qe 

I —yojoadeiji M>LLi£o^t.t»o STYPHwnjr: 

eQpSO 61)1  MILÜCO LEAD   STYPHNATE 
A04O2& G¥   oeXT;R»NAT^O LEAD AZlOC 

VQp25«li|l   POLWTNYL lALCOHOL   LEAD   A2IDE 

-TIME MEAfiUWEO . WITH IOWtZATtOH-Pl tOSE   tf* 
OlfteCT CCJNTACT   WITH iEXPt-OSlVE ^JATERIÄL: 

\ 

EACH   POlflT REPRESENfS 

n 
t* 

ONE  SHO' 

r   W   iwl 

CONFIDENTIAL 

r t  •       •   •   •   ■-• TIMQ (MICRDSECONOS) 

» i.. 
I   . 
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K-! -^ I 

29 SO 
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CONFIDENTIAL PLATE   24 

VARIATION  OF FIRING CURRENT 
WITH WIRE DIAMETER 

SPRAY METAL PRIMERS USING TUNGSTEN WIRE 
WITH   LEAD  STYPHNATE FLASH CHARGE 

iSO 

IOO IM ISO 175 200 
DIAMETER   (MlCROlNCHES) 

CONFIDENTIAL NOLM 10771 



CC"F 

rm-iA^Rs iwMCTPiüfnB or DASIS O? LOO EBmir oaam* on 

EnorCT 

76 

S9 

105 

123 

U5 

.170 

200 

234 

l.ÖJ 

U9S 

2WCC 

2»09 

2c23 

2.30 

2.37 

Tost«! 

45 

42 

42 

41 

49 

39 

37 

U 

OhJ Sqiu-ro 

?lrocr 

0 

2 

6 

13 

39 

Predicted Firings 
From Lo/? E Frctn Rtor^y 

0V2.. 2,0 

0.3- 4.6 

5.4- 9.3 

9.5~l6t,4 

21.6-49.7 

25.4-31c6 

-9.3-3^7 

37.1^M 

0.396 

0^9   5<a 

1.9 6.9 

4.4 10..6 

B.B 15.6 

19.5 27c 5 

23.<5 30.O 

»9.7 34^ 

3^..1 40,7 

5.022 
• 

C01 PIDRfrULL ilCU' 1C771 
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TABIF. II 

BBAH Jimsi KFxjom:i?3rrs OF EISCTRJD DTITIATORS rrrn VUDGES 
OF «mm DILH.T3ICTIS 

Exploelvfr-Lead Styphnate*    Rreperatlon-tttllod    l6~Zt. hrs 

Diaa 
CMlls) 

«065 
.09? 
.037 
o095 
a100 
»135 
el68 
,290 
„225 
.290 
c-450 
.450 

1.0 

Lwigbh 
(fill.««) 

3 
10 
15 
30 
30 
30 
30 
10 
30 
30 
15 
30 
30 

Resistano« 
vol. Or) V3JPö Initiator Eatertftl Energy QA 

(Cyl0Blls)# (ohms/in) (ohinflj-*» RaqcCQ) 
(«rga) 

0,003 650 a Tungstt 0     u» 867 
0,090 30CH- 2* 11 57 632 
o,iu 300^00 4»5 ■ 86 757 
0.,271 30D<- 9+ ■ UC 535 
C„300 275 8,25 ■ 185 617 
0.547 145 4.35 rf 290 530 
0^847 97 3 ■ 370 437 
CUJU1 35 0..35 9 400 475 
1O52 54 1,6 -t 760 500 
2,52 35 1.05 a 950 376 
3,04 241 MJNM Topfaot «n^oo 526 
6,08 2a 7,2 • 2600 423 

30^ 50 1.5 ■ 13000 433 

# A cylindrioal nil le tho volxaao of a cylinder oaa rill long by oce nil 
la diameter^ 

* The firut (11 erg)  initlatora .:hovn on the trzh-le rrsre l-o&iaJ altll ■ 60/'4C 
Bixtur« of lead thiocyanate/p-., ^.aosiuii? ehlontt«.    ivTo figures nave b^.aa 
obtained for lead atyphnate ri-':h this slse wiro& 

Ä* C&lcul'ite cold 7&li!ea are giv'in, Ee.isiu'<=)d «ttloM aj*e ootKwhit hlpher, 

***» Tophet '^w is on alloy elBdlHr to BJotoo—,    Thßre aros of" ooarafl, 
tolersnce« in th« occpoaitlor. -./hiflh result in Tariatione in reslatlvlty,. 
The di^netera c£.ven are calcv-ü;ted ^n tiM Vieis o? a roslstl'/ity of 
100 ^icroJua <mv 

COirriDDTlAL li    ■ -•  r-j 
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TtBlS in 

iü AK EfTP-OT ÄSQl IKLfirrrS 0? EISCTRID  H.'rriATOR? 7JD.WED 'TIDI VASIODS IXtfl 
CHAHCC EXPLOSIVES 

Tungsten Br.tdßB 50 BIIS Long 

■Ml 
EXPLOSIVE EnERfflr RBQÜIRSÜEOT (ÖBS) 

0.1 mil Olao 0„^9 rul OIBB« 

Sf.lvor Acetylidc 

Ißad Thlocyf»na"fc€/?C't«ü3iira Chlorate Z.C/60 

Tetraoene 

Lead S typrftiato, Bacic 

r.uproua Ac«atyllde 

L?ad 2t4,~Drlnltr>:yo30j;v55.nai'a. BocwuL 

La&d S^pfauata/k'totaMdiBi Ohlovata 90A0 

Lead Styphnato 

Jjaed 4,6~Blnit£V7re3or5iriatiG, Basic 

Load ^»fePlnltirieaf—ore tlWt«, T7crr;a'. 

Tifiad 2 f/r'D-.isiitiXtrvisoroiXiate, Baric 

Kercur^ iUIatB»t« 

DiazodlnJir-ophenol/PokBaalun Chlcrcie #75/25 

Lead 2 n.tarax«90acixuit«a Korael 

Lsad Ars id« 

■MasGdIji.ifc-ophenol/l'hrfiPiüiisn Cälon te £■ vCv 5.'. 

Diazodltiit^ophftrcl/Potcssisni Ch3.orf'iQ #90/10 

DiAMdinltooflMael # 

Jjrtod 2 HFiti-ovesorcinate, ^c-sic 

*LMM th&.r. 50^ ftrad at any cnargy .jfledc 

^»ijridiTG b'.u-ned out rrltKsut firing DD?TPB 

***Xliiaa Vfü iiras ere ecrbj.-?jri'?s b3tis"?«n «hloh the neajjs oC serrerol batohos at 
«ll/Th&ly d^.fTojrt'nt ore;v»r?»tJlr3 lit 

•ThiR dlMoiilnltroplwneJ WRO nthar old s'-ncsk, very r?r.rk 1« aolo'\ azid 
pirohably oontaiiMd 0« apprwiiähl* naomt of ^-^coi'pnsi-'.ion jv^ 

.fvVa".-» JJR -ornolatid fVy.i e (^^ph "  :i',*i at:ntaln« rosulta dbteined »1th 
both Larger ind aMMlIor w^r«, 

corrFTsocniAL ■ •''7?- 

95 -- 

ICO — 

115 4(60 

125 700 

125 •750^50*^ 

125 i:..75 

150 790 

160-225*** 925-1290«-^ 

iao 1340 

190 UOO 

210 1200 

230 785 

260 1030 

310 1260 

MO ©at ,#/? 13-43 

460 ßirJ 

4.iVD 1230 
»* 21O0 

a 2265 
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